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Restriction map of a YAC and cosmid contig encompassing the 
oculopharyngeal muscular dystrophy candidate region on 
chromosome 14qll.2-ql3. 

Xie YG, Rochefort D, Brais B, Howard H, Han FY, Gou LP, Maciel P, 
The BT, Larsson C, Rouleau GA. 

Center for Research in Neuroscience, McGill University, Montreal General 
Hospital, 1650 Cedar Avenue, Montreal, Quebec, H3G 1 A4, Canada. 

As part of our effort to clone positionally the oculopharyngeal muscular 
dystrophy (OPMD) gene, we constructed a YAC contig, a cosmid contig, and 
an EcoRI restriction map of the OPMD candidate region. The YAC contig 
spans more than 2 Mb and encompasses the loci D14S283 and D14S990 and 
the cardiac alpha and beta myosin heavy chain genes (MYH6 and MYH7). A 
700-kb cosmid contig containing the D14S990 and the myosin genes and a 
long-range restriction map covering the region between D14S990 and the 
MYH6 and MYH7 gene cluster were established. A detailed EcoRI restriction 
map of the cosmid contig was determined, and five putative CpG islands were 
identified. Based on these data, the four loci were mapped within an 
approximately 600-kb region with the following centromere to telomere order: 
D14S283, D14S990, MYH6, and MYH7. The YAC and cosmid contigs will 
facilitate the identification of genes lying within the OPMD candidate interval. 
Copyright 1998 Academic Press. 
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As part of our effort to clone positionally the oculo- 
pharyngeal muscular dystrophy (OPMD) gene, we con- 
structed a YAC contig, a cosmid contig, and an EcoRl 
restriction map of the OPMD candidate region. The 
YAC contig spans more than 2 Mb and encompasses 
the loci D14S283 and D14S990 and the cardiac a and j3 
myosin heavy chain genes (MYH6 and MYH7). A 700-kb 
cosmid contig containing the D14S990 and the myosin 
genes and a long-range restriction map covering the 
region between D14S990 and the MYH6 and MYH7 
gene cluster were established. A detailed EcoRI re- 
striction map of the cosmid contig was determined, 
and five putative CpG islands were identified. Based 
on these data, the four loci were mapped within an 
approximately 600-kb region with the following cen- 
trom re to telomere order: D14S283, D14S990, MYH6, 
and MYH7. The YAC and cosmid contigs will facilitate 
the identification of genes lying within the OPMD can- 
didate interval. © 1998 Academic Press 



Oculopharyngeal muscular dystrophy (OPMD) is an 
autosomal dominant disease characterized by late on- 
set (usually after the age of 50) progressive drooping of 
eyelids (ptosis) and difficulty swallowing (dysphagia) 
(11). Based on a linkage study of French Canadian 
families with OPMD, we have previously mapped the 
OPMD locus to a 3.6-cM interval between marker 
D14S50 and two intronic (CA) n markers from the car- 
diac j3 myosin heavy chain gene (D14S1457 and 
D14S1458) on human chromosome 14qll.2-ql3 (3). 
This interval has been further reduced to 2 cM between 
D14S283 and two cardiac J3 heavy chain gene markers 
(4). To characterize the OPMD candidate region, deter- 
mine the chromosomal orientation of MYH6 and 
MYH7, and identify genes in this region, we have es- 

1 To whom correspondence should be addressed at Department of 
Neurology, Montreal General Hospital, L7-224, 1650 Cedar Avenue, 
Montreal, Quebec H3G 1A4, Canada. Telephone: (514) 937-601 1, ext. 
4235. Fax: (514) 934-8265. E-mail: mi32@musica.mcgill.ca. 



tablished a physical map containing the loci D14S283, 
D14S990, MYH6, and MYH7, consisting of a 2-Mb YAC 
contig and a cosmid contig with an EcoRI restriction 
map that covers a total of 700 kb. 

Probes for D14S283 (124-152 bp) and D14S990 (125- 
153 bp) were generated by PCR amplification using pub- 
lished primer sequences (5). Probes E35M6 (253 bp) and 
E4M7 (254 bp) are the PCR products of exon 35 of MYH6 
and exon 4 of MYH7, respectively (6, 8), amplified using in- 
tronic primers E36M6-A (5 TGGAGAAAGGGTATGAA- 
ATCAGGT3') and E36M6-B (5 ' CCC AAGGCCTTGTTT- 
CTGTCTTTA3'); E4M7-A (5 'TTGAGG AAGG AGGGGA- 
AGC3') and E4M7-B (5 ' C ATGG ATGG AGCAAGAAC AG- 
AGAT3'). Primers for D14S990 and D14S283 (S990-A and 
S283-A), E35M6-A, and E4M7-A (described above) and in- 
tronic primers for exon 1 of MYH6 (E1M6-A: 5'GGGGAAA- 
CGGGATATAAAGGAAC3') , exon 39 of MYH6 (E39M6-B: 
•5'GCCCCCTACTGCCCTGAT3'), exon 1 of MYH7 
(E1M7-A: 5 ' GTGACAAC AGCCCTTTCTAAATCC3') , 
and exon 40 of MYH7 (E40M7-B: 5 ' ATTGCTTTATTCT- 
GCTTCCTC3') were used as oligonucleotide probes. 

D14S283, D14S990, E4M7, and E36M6 were used 
as start points in the construction of the genomic 
contigs. YAC 26a9 was identified by PCR screening 
of a human genomic YAC library (1) with markers 
E35M6 and E4M7, and YACs 806b 10 and 926c7 were 
identified for the D14S990 locus. Three YACs con- 
taining locus D14S283 were selected from the Ge- 
nome Data Base (GDB). All YAC clones were ob- 
tained from the Canadian Genetic Diseases Network 
(CGDN) DNA Core Facility. The six YACs were char- 
acterized by Southern analysis of PFGE-separated 
YAC blots using EcoRI fragments from cosmids con- 
taining D14S283, D14S990, MYH6, and MYH7. The 
sizes of YACs were estimated to be 460 (26A9), 600 
(926c7), 750 (806bl0), and 790 kb (765dll). The sizes 
of YACs 799al0 (1780 kb) and 980g9 (1600 kb) were 
obtained from the GDB. YAC 26a9 was confirmed to 
contain both MYH6 and MYH7, and YACs 806b 10, 
765dll, and 980g9 contain the MYH6 and MYH7 
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gene cluster, D14S990 and D14S283. Only D14S990 
and D14S283 detected YACs 799al0. These results 
allowed us to contig all the YACs, except YAC 26a9, 
and map loci D14S283 and D14S990 to a 600-kb 
region. 

In parallel, the Los Alamos gridded chromosome 14- 
specific cosmid library, constructed from flow-sorted 
chromosomes cloned into vector scos-1 and consisting 
of approximately 16,000 recombinants, was used to 
isolate 17 cosmids using the MYH6, MYH7, E35M6, 
and E4M7 probes. The cosmid library was screened by 
direct hybridization to 14 gridded filters, each contain- 
ing 1 152 clones, constructed within the laboratory and 
processed as described in Lafreniere etal. (9). Based on 
the occurrence of same-sized EcoRl fragments, these 
cosmids were assembled into a contig spanning 96 kb. 
Hybridizing E35M6 and E4M7 mapped MYH6 and 
MYH7 back to the contig to EcoRl Southern blots of the 
cosmids. Using a similar strategy, we identified and 
characterized three cosmids corresponding to loci 
D14S283 and 12 cosmids for D14S990. 

Simultaneously, ,4/u-PCR amplified products from 
YAC 26a9 were used to probe the cosmid library. Nine- 
teen cosmids were identified, some of which had al- 
ready been assigned to the cosmid contig containing 
the MYH genes. The cosmids that did not map to the 
previously identified contigs were used to probe the 
cosmid library. This resulted in expansion of the contig 
containing MYH genes in both directions and construc- 
tion of several independent short contigs ranging in 
size from 60 to 80 kb. 

Cosmid contigs were constructed by bidirectional 
walking from the MYH6 and MYH7 gene cluster, 
D14S283 and D14S990, as described in Lafreniere et 
al. (9). As chromosome walking progressed, we en- 
countered a low "clonal represented region." Single- 
copy EcoRl fragments from cosmid 153C5 (1.2 kb) 
and cosmid 155G3 (2.0 kb) were used to screen a 
total human PAC library (RPCI-1; information on 
the library is available at http://bacpac.med. buffalo, 
edu; Ref. 7). PAC 68124 and PAC 121C10 were iden- 
tified. PAC 68124 helped us to anchor the region 
containing cosmid 71F10 and cosmid 86D6, resulting 
in all the cosmids becoming part of a large contig. 
The contig is composed of 110 cosmids starting from 



D14S990 and the MYH6 and MYH 7 genes and spans 
700 kb (Fig. 1). The PAC clones were obtained from 
the CGDN DNA Core Facility. 

The EcoRl restriction map of the contig was con- 
structed by identifying shared restriction fragments in 
overlapping clones, as described in Lafreniere etal (9). 
It yields an estimated span of 700 kb centered between 
the D14S990 locus and the MYH6 and MYH7 genes 
(Fig. IB). Based on the previously reported genetic 
maps placing D14S283 centromeric to D14S990 and 
MYH (5), and the orientation of the cosmid contig 
within the YAC contig, we established that MYH6 is 
centromeric to MYH7 (Fig. 1). The MYH6 and MYH7 
genes were placed on our EcoRl restriction map using 
oligo probes from both ends of the two genes (E1M6-A, 
E39M6-B, E1M7-A, E40M7-B) (Fig. 1A). 

To characterize further the OPMD candidate region, 
we performed PFGE mapping, as described in Rut- 
tledge etal (10), with three DNA markers chosen from 
the cosmid contig. These EcoRl fragments were iso- 
lated from near the MYH6 and MYH 7 genes (80D2 and 
147F1 1) or from the cosmids containing locus D14S990 
(101C8). A 4.8-kb EcoRl fragment from 80D2, a 2-kb 
EcoRl fragment from 147F1 1, and a 5.3-kb EcoRl frag- 
ment from the D14S990 cosmid (101C8) were used to 
probe several PFGE Southern filters individually. Re- 
sults show that cosmids 80D2 and D14S990 cohybrid- 
ize to a 710-kb MJul fragment, a 410-kb Nael fragment, 
a 450-kb Nrul fragment, a 440-SadI fragment, and a 
320- SfK fragment. The probe from cosmid 147F11 
identified only a 680-kb MM and a 260-kb Sacll frag- 
ment, but failed to recognize any bands from DNA 
digested with other enzymes. These results confirmed 
the YAC contig, the chromosomal orientation of the 
cosmid contig, and the chromosomal orientation of 
MYH6 and MYH 7 (Fig. 1A). 

Based on the definition of a CpG-rich island as a 
clustering of four or more of the following eight restric- 
tion enzymes, iJssHII, Eagl, MJul, Nrul, Nod, Sacll, 
Sail, and SfK, within a 2-kb interval, we could identify 
five separate CpG-rich islands dispersed throughout 
the contig (Fig. 1C; Refs. 2, 9). 

We report a detailed physical map of the OPMD 
candidate region, which includes a YAC contig and a 
cosmid contig, as well as both a long-range and an 



FIG. 1. YAC and cosmid contig of the OPMD candidate region on 14ql 1.2-ql3. (A) A genomic contig with a long-range restriction map: 
the approximately 2-Mb YAC contig consists of six overlapping YAC clones, depicted by long horizontal boldface lines. The names and 
approximate sizes of the YACs are shown on the right. The location of the cosmid contig is shown. Each cosmid is indicated by a short' 
horizontal line that represents approximately 40 kb. The contig spans approximately 700 kb. The arrows represent the location, genomic size, 
and transcriptional orientation of the MYH7 and MYH6 genes. The centromere is to the left, and the telomere is to the right. The sizes and 
location of MM, Nael, Narl, Sacll, and SfK restriction fragments are shown above the YAC contig. The cosmids used as probes to 
characterize the YAC contig and PFGE mapping are indicated by an asterisk. YACs and pulse-field fragments labeled with an asterisk have 
been identified by the cosmid marked with an asterisk shown below them. A summary of genetic mapping results for markers D14S283, 
D14S990, and D14S1458 is also shown at the top. The genetic distances from locus D14S1458 to D14S990 and D14S283 are given. (B) Details 
of cosmid and PAC contigs with EcoRl restriction map. Relative overlaps of 1 10 cosmids and two PACs that include MYH6, MYH7 (D14S1457 
and D14S1458), and locus D14S990 are shown; the locations of these loci are shown as rectangles beneath the restriction map. Overlaps are 
based on sharing of common-size EcoRl fragments (vertical lines in each clone). Clones are designated by their coordinates in the gridded 
library. Consensus £a?RI restriction map of the contig is based on the cosmid overlaps. Numbers above the maps correspond to the sizes of 
EcoRl fragments in kb. (C) Restriction map of BssHII, Eagl, MJul, Nrul, Notl, Sacll, Sail, and SfK relative to the EcoRl map. Putative CpG 
islands are indicated as dark arrowheads. 
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EcoRl restriction map. The YAC contig is composed 
of six overlapping YACs, spans a distance of more 
than 2 Mb, and contains loci D14S283, D14S990, 
MYH6, and MYH7. The cosmid contig within this 
region spans approximately 700 kb. A long range 
PFGE restriction map covers the region between 
D14S990 and the MYH6 and MYH7 gene cluster, and 
an EcoRl restriction map has been established for 
the entire cosmid contig. We have mapped D14S283, 
D14S990, MYH6, and MYH7 to an approximately 
600-kb region and determined the order and the 
chromosomal orientation of these markers (from cen- 
tromere to telomere— D14S283, D14S990, MYH6, 
and MYH7). 

We have found that establishing a restriction map 
simultaneously with the construction of a cosmid con- 
tig facilitates chromosome walking. This practice helps 
identify the most extreme end-cosmid, confirms the 
overlaps, and helps exclude the possibility of false- 
positive links caused by cross-hybridization or rear- 
ranged clones. 

Our physical map and genomic contig will also help 
to elucidate this subchromosomal region, to map and 
characterize known genes, and to help identify novel 
genes in this region. The cosmid contig will also facil- 
itate the sequencing of chromosome 14. 
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